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(54) SEMICONDUCTOR LASER DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To enable stable single transverse mode oscillation and single 
longitudinal mode oscillation of small oscillation threshold current by 
forming a diffraction grating on a surface of an optical guide layer formed 
above an active layer and by providing an epitaxial support layer. 
CONSTITUTION: Since a diffraction grating 14 is formed on a surface of a 
surface of an optical guide layer 5 formed on an active layer 3, it is 
possible to enlarge refraction factor difference in a vertical transverse 
direction to a resonator direction without damaging combination efficiency 
between laser beam generated in the active layer 3 and the diffraction 
grating 14. Therefore, stable single transverse mode oscillation and single 
longitudinal mode oscillation can be acquired. Since the active layer 3 is 
not formed on the diffraction grating 14, crystallinity of the active layer 3 
does not lower and element characteristic improves as an oscillation 
threshold current becomes smaller. Furthermore, since an epitaxial layer 16 
is provided, change of a configuration wherein a stripe groove 15 is buried 
is prevented and reproducibility of element characteristic of a 
semiconductor laser device is improved. 
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t, «»tt»©±*fc»«anfc3i£^-f nut. 
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±ex tr * * 3/ * ;m-#- h ±mnr/D y ?R 
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JiSBfflSitSIgi:. a? 
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[0 0 0 4] ft*ftB-«*- F»»BJ:tfB- 

LT, B*«B3K*-rJ:ift*B#U— !fBB**SB 
(Appl. Phys. Lett., 34 
(11), pp. 7 5 2-7 5 5 (1979) £^ 
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■i ^KOGaAsBBB2 3**, p - A 1 o. se G ao. 64 
AsBiB»&*B3 0teJ:oTB«*Ba&&*ft. *> 
•3, *fte>©TBlCBf£<Sti;fcn-A lo.iiGao.ii A 
stttf-f FB2 5 tmz. n-A lo.3eGat.64 Asm 
1^9yHB22t. p-A lt.iiGao.x AsI2i7 
5? HI 2 6 tfc±-3T**a*tlTV»*. *LT, # 
ft»BBji-?;&5II[#T& : f 3 4tt, n-Alo.i S Ga 
o se A s^fc^H FB2 5 t, p -A 1 o. se G ao. 64 A s 
B 1 S&&*B 3 0 i©BHfc#B«*ftTW*. 
[0 0 0 6] •r©J:3fc*a**T*¥**l'-1f»B 
■ett, GaAsfittl2 3-CB^bfcl'— ifttfc. 
TffiJ©n-A lo.i 6 Gao. !f AsW HI 2 5^B* 
fflLTSJIiSSttS. n-Alo.15Gao.85As H 
R 2 5 ttG a A s fSttl 2 3 fcJKT**^BBB*tf 
T-5©T. G a A s ffittB 2 3 ©B»T^S»WJftJl*f* 

< a-s &«K>3j>aflB»»*«»«aB*i*itBb 

TSB«3Erieifc»Bv*n*. UfctfoT, BHttBtflS 
CBtoTfe, *BfcB*B ; E-FaSj&«ffSft*. * 
fc. n-A lo.ioGao.osAs^-f HB2 5^B*.ffl 
Wfcl/— tfltttt. B»N(HP3 4 KJ:oT»Ban*«S 
S*WoBlffB»#i:«EfPIBU, HBBT 3 4 ©B» 
fcttfff « 75 y ^ifcfi© I/— !f **»B*?WKEBSn 
6. l/ft^T, B»Bft)WB&BBBB©»3ttS& 
fc**<fcoTt>, BBBftiWefttti*, 
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[0 0 0 7] L-*>U £©.fc5&:ft*©SBC-DFB 

ifttBtt. *©B»:CS**BBT* *©•<•, 
0#*B<, l,a»bB*Btt©B«ttfc2U>&V>3WB 
A#t&-5. H3C^-rSBC-DFBl/— tfBBB, 011 
A«aT©J:3.;:l/rB*Sft*. 

[0 0 0 8] *r, XK**3/*;H*ftftfcJ:oT, n 
-GaAsStS2 l±IC, n-A lo.seGao.e^ AsB 
l?5yFB2 2fc, n-Alo.isGao..sAsM-f 
FB2 5 GaAsS14l2 3t. p-Ah. Jt Ga 
o.64AsgS2£7y HB2 6t, p-GaAs3>^i7 
HI 2 7fc*JRfcBft3*4. 

[0 0 0 9] JfeV»T, B^MX<79 1 >^{C < koT, G 
aAsSSS2 3t, p-A lo.36Gao.64 As®2^ 
5yFR26i. p-G a A s 3>*£ HB2 7 

iot, ^-tJ-BigroUffllcBtDUfcn-A 1 o.i 5 Ga 
o.a 5 Asft#-r KB 2 5 0BBCE*f* : F3 4*»B-r 

[0 0 10] -etT, BBxK^+S/ir^BftBCJ:^ 
T. ><1J-BB©Bffl!HC, p-A lo.3oGao.64 AsSl 
a»ii*B3 0t. n-A lo.36Gao.64 Asm2iiJi) 
a*B3 1 tfcH&tofcftS-rr, n-A lo.isGao.»6 
AsJfe*-f KB2 5©BBSBB-r*t*C. ^^BS 
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[001 I] MWZ. n-Alo.iiGao.i<As%2I 

fc©©|f«#ll 3 7 3f,l:n-GaAsi«2 
10>8lii=ttnWMfi3 2£. «m»13 7*J«ti;SSS 
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T J: 5 fc S B C - D F B V— *f &f»ifi% 6 tt5. 
[0 0 12] 

[»W»ftb«fc5fra8SH3 ±TSB"«fcJ:5fc, c 
OSBC-DFBl/- IfttttTtt, 3fc*«fcWBtt, n 
-A lo.isGao.ss AsH-f HJB2 5^*fflL/fcP 
— tftta*. n-Al..: f Gao.. s AsWHI25 
t. P-A lo.soGao.e^ A s ^ 1 S»j&»Ji 3 Otffl 

n-SitlCi-pTfffen-S.. l<— if^t®*?*^ 3 4t 
©&-&2»«, G a A s SttJS 2 3 Lfc 
*t n -A lo.isGao.es As3t#-r FJf 2 S'sg^ffl-r 

[0 0 13] LfctfoT, *-*e- H-cosnwttc 

k-if}fc©g*fflL#^fc<fc.&© 
T. *©*8£24W/F;*<fc?). FT!©58ig 

[0014] c©j;5ftiaiBi^**ft-r*&«»ic, 04 

KtSTJ: 5&SBC-DFB tf B«*t«*aftTV> 
«. COfi#V- !fgStt. GaAsffiei23t, 
-£©Tfflil©n-A lo.isGao.8s As^-f FJ3 2 5t 

«. E3ic*-rsBc-DBFu— *fmmtnmr$> 
s. 

[00 15] L*>U £©£5 £-f, n- 

GaAsSS21±IC, n-A lo.soGao.6< As^l 
F@2 2£, n-A 1..k Gao.is Asjfctf-f F 
JB2 5 fceJK&ftftSttfcft. V^£A,Jdcft&*ihLT 
n-A lo.isGao .sAsJfc^ Ff5 2 5»^B±lt@ 

Arte?- 3 4 £jt^-r5&gat&s ©-c, «fixs*» 3 •p 

4±(C. Ga A sfi§f4®2 3$^S31iS©r. ^©Jg 

[0 0 16] *%w\t. ±iE«E*©rais^s<wft-rst) 
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Sift J: < Kitf S £ iK&S. 
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[USS/Rft-r^fc*©^©] *S5W©¥i«J#U— tfgj 
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lite, «*«*«IJfi*fllA&»*«KiII©*»#W— If 

wn©iSttiBfc. «»ttJi«>±*fc»j«aftfc**-f f 

ff fc* F 5-f 7S*&#T*«Hf!PPJffl©eifi:/D 2/ *B 
t. ±1EX F 5-f 7*«JS«fc*tt*-tja#3(H FIB© 
*H±K:*j«anfcil*f«r^i:, ±i2*F7-f:/)8l*9© 

20 -5. 

[0 0 18] *%W©^SffP-if«B©fiii*feti, 

Wfi3W6-C*t»T. *»*WR±C, «ttR. *fctf-f F 
B, tft7ny?j|, xt?^+->v;HJ-^-FB©)®ir 
^ttlfc^fiS-fr-SXiglt. ±mxV?*>'*)l<D"# 
- F JB ft ±B««^ a *j9m tex y ^ > ^ U 

T, #«aafflfc¥ff&XF?-f:/»S»j*U KXF 
7 r »0**fi:±iE3tt3!f-f F*Jl«»H3tt*XS&» 
±BX F?-f ^»0*«fc*tt«±B3lfi«< FJf©SSi 

[0 0 19] 

[fWBl *58W©»*»SS!¥*ff^— IfgfiTtt, « 

^V»©-C. «tt«OlSfttt!0«fiT*r. XfiH««iKA( 

[0 0 2 0] #S89ifc«k*¥$#l'— tfiWoWfcEFtt 
tt, 2^©)«SX8l/*^Stl/»^. -T?it>^, 

i^xtr^*^^;!/^- F®©)@»^g$-it5^ i © 

n>9>7 FBSIl^fi)cfi$ti-?)®2©fi£Sxe 1 i:-C* 
■5. c? 5>IC, XhT^ + ^v^-y-^-FH&iaitj-TV^© 

r. 7. F?-f 7i»©ffl»ji*£raa.fc<iii;sT££© 
<ts.*tmz, ^«fi4©f¥Kit*ti6i±-r.5. 

[0 0 2 1] 

[0 0 2 2] {9mm) Hlt*58W©*«*U— 9* 
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ffi7ny{7®9%W±.iZ. n-AU.isGao 7sAsI 

mmmcox 5 \z vTmstvt. 

[0 0 2 3] Sf\ lK**-> + ;WfcBifel;:«fc'3T. n 
-GaAsSSllI:, n-Alo.iGan.iAssIl? 
7-yh'S2, A lo.tsGao.87 AsffittB3, p-Al 
t.sGa 1 . s As+t l J7; , !U7l4, p-A 1 0.2s G a 
o.uAsM-f H15, n-Al.Gai-.As (0. 5 
^x^O. 7) I^^Xhy^B8, *3«fctfn-G 
a A s«Sg^D-y^B9, fl/TS^fcn-Ah.uG 
ao. 7 5 A s Xtf^ + ->^;HJ-^- hj§ 1 6 *WKf&&H 
Hit. 

[0 0 2 4] *h<)Vif7y<<&&zHt¥xy 

?>>/mz&?T, n-Alo.aoGao.r.AsXtf^^r 
•>tM*-hI16, n-GaAsSiSE^n-yi7l9 
*5<J;tfn - A 1 , G ai-« A s lyf^X h s> T'S 8 € 

5^y«l5 («B«95um) ftJBriW* ££«;:«*: D, -t 
©JSBBKp-A lo.2oGao.7a AsW b'Jf 5£Rtn 
I5»ft>htl/Tlt n-A lo.2oGao.75 
AsIt^tMI-t-ll 6*±Ofn-GaAs 
«^^a2/^@9tC^UT«. NH< OHtHj 02 i:H2 
O tOl$8»«ffl«. NH<OHi:H2 

02 tmm&itzmmizmm-rnii, n-Ai.,. s Ga 

..7 6 Asim->TWi|5-Hl e&.fctfn-Ga 

a s ejiyD y^jg 9 ©fc&ratticaoaflWicxs/?- 

dt^nTirCifc*. ffl#> n-Al.Gai-.A 
[0 0 2 5] fii^T, n-A lo.20Gao.75 AslW 

*>"v;i-**-h®i 6fcj:r;®ifjLfcp-A I0.25G 

a».7 S AsW HS5©*fflK*hV'^X hSfiffiU 

ttfeirWK^Xy^^yftKi-aT, n-Alo.2 5 Ga 
.^sAslW+ytWl-Ml 6:fcJ:tffSfflLfc 
p-A lo isGao riAsW H®5©SMtC, ®frr 
&714 W8S3O0 0A) fcfc, Htfrte 

furo^iii 3 0 0 0AicK^anscta<. a 
2 000-400 oArowwrrwisn*. 

[0 0 2 6] *LT, ffifflX^ + i^A-JijcfijfcK.ko 
T, n-A lo.25Gao.7 6 AsXtf^^x-\'Jl'-y-Jj'-h 
11 6©Sffl±l^. 43<fctfXh7-f7)8l 5 
«fc5IC, p-A U. I Gao,)AsS2?7'y h'®6*$i 

^p-GaAs3>^^hg7S)ia^fiEg5-a-fc. a 

:fc, p-Alo, I Ga.. ! AsS2J'7yH)i6*J;Vp 
- G a A s 3 bl&7 <Dm&lz\tm&XZ9*i"r 

)\,f&&mzftz.x, wffl^safflBEfi (mocvd) m 

[0 0 2 7] m'&\Z, n-GaAsS«l©SEICttn 
ffij««12*. p-GaAs3>^^ h^7©gffilC« 



(4) &BW7-744 3 2 

6 

pfl«fl3«MI/fc», ^XA*»SBUT»fiSSdl 

©¥$#w— r/ggs^/t:, c©«k5tLT#enfc* 

WfcU-tfSWi. JHHtftiP7 8 0 nnrrabO, 
■««8Wt4 0mAT*D. *-|*E- H»fi*»»Sft 
Sfi««H**AT=7 OttV^SifftSjI^ttSWr 
S^I&ttW— if SMS, *g*D«fc< > L-*»t»Jim»tt 

[0 0 2 8] *mnVW*mft\>>-1f&@T-\t, n-G 
i0 aAs««^Oyd'«9fc»J*SnfcXh9'f7T»|l 5 

©$# k © 3 n**«j«sp*jfi s*rr ■& © 

-C. A lo. isGao.87 AsfSttJf 3£^tmft®*£a<X 

«*wiK»UTai[ifcSrKdiciK««o3ti/— !f*», n- 

Ali.sGat.sAsili'?!/ Kl2:i3«fctf p-A 1 
o.7Gao.jAs352:77y HH6 fc«koTEBi;a»6n 
•5. p-A lo.25Gao.75 AsW HP5^«*-tHL 
tfjfctt, -t©a^fc»SUT, H*?*? 1 4^e>tt 

*Wfc*«u aaw&u— y»iR3j«iBii«. # 

# fiS*|6HCJtLTSB[«^tJtt:**ofcW— ifittt, n 

- g a a s ass^n .^19 e>i>-i?yczwrz 

©T. Xh5^^tl 5©"Bt?BaUa*6n*. L&tft 

[0 0 2 9] *SUfi«3|-ett, n-GaAs^Jt/D-y? 
@9©«@±IC, p-A lo.»»Ga».7 6 AsJt^-f 
5 i: Pit; A lif!.tfc£;frT3n-A lo.nGao 75 As 
XK^vA-^-y-tf-h! 1 6*Rtt"CV>S©T. Xh 
7-f 7»1 5 5 rC. p — A 1 0. 7 G ao. 3 A 

5©JS*fc«fl}Lfcp-A li.i.Gaa.iiAsJCjJ-f H 
S5©S®±i:, n-A lo.2oGao.76AsXhf^*^ 
1rW*-Hl 6©gM±t(Cfe7t-5Xt;^*->+;P 
tf#-hJ*ftafl&9»*L<;&:-&. ftKifrffixtf* 

x H7-f fm\ 5©^«&{ta<6&jt;*ns. l&#o 

T. **SlfiS|lCj;n«, n-GaAsmS5^D-yi7^9 

icx h ^sii 5 zmtbrmmi: < »**■ s c 
#e.nfc*«ff>-if8fi©jti^tt©sstt**s 

[0 0 3 0] &*5. *5IJfi«31-rtt. p-A 1 0.26 G a 
0. 7j A sftfH 5 *5<kt/n - A lo.25Gao.75As 
xl^+i/A'JM^-Kgl 6 «[^UA 1 igSitSrWT 

cn^©A iigajt*»a^at, xtf^+->^;p 

S«)jitJ«t5lCfi£S$'a->tp-A U.7Gao.3As®2 
^7;; FE6©&®£J;0¥i§»;:T€r.5©T?, »e>n/t 

[0 0 3 1] (*Jfi«2) H2(C*»W©ffi©¥«(*:U 
50 — !fgfB£7*?. i©#^W— !fgg«, ^T©2^> 
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mi <D¥mfcu-*fmwtm®T$>2> 0 osd, p-a 
io.2sGao.7 5 As %is<\ 5 <Dmm±.izftft? a p 

-A lo.osGao.nAsXW + ^Mtf-MIl 7 
n-Alo.26Gac.f S AsXWti/t;HJ'#-h 
Jg1 6(D^M±(C#fif «5n-A lo.05Gao.95 AsX 

[0032] sr* xe**->*;vja«ttK±oT, n 

-GaAslSliC, n-A 1 0. 5 G ao. 5 A s ^ 1 # i0 
77H12» Alo.t 3 Gao.8rAsffittg3, p-Al 
o.eGao.s As**U7AU7H4, p-A lo. 25 Ga 
o.7 5 AsW Fd5, p-A lo.06Gao.96 AsXtf 
**5/*JHtt*-hJBl 7 WS1B5 0A), n-Al 
iGai-.As (0. 5^x£0. 7) X^f^Xh^ 
:/Jg8, feWn-GaAsSiS^D^B9, n-A 

1o.2 5 Ga«.7BAsXt;^^>^;m-#-hJBl 6, 
LTS^ICn-A lo.osGao.jsAsXW+v'tM 
tf-M118 OP $$5)5 OA) ew***s*fc. 

[0 0 3 31 *hUV^77^ t fcWk^X7 # 

^>^ffi(CioT> n-A lo.osGao^AsXfcf^ 
bill 8* n-A lo.25Gao.75 AsXt? 
^^>tiW-Ml6, n-GaAs«»^Dy^ 
19, 8 «ktfn - A I , G a, - , A s I-;? >{fX h y ^ 

0, -tOJSflHCp-A lo.osGao.95 AsXtf^ + vY 
;H*#-hJB 1 7S«H4ttfc. Xyft^h 
tl/Ttt, n-Alo.osGao,» 5 AsXh!?^tW 
1R-HI8, n-Alo.2 5 Gao.7sAsXtf^*^t 30 
;Hi-#-hJB16, *5<fctfn-GaAs«»:/ny*Ji 
9£*tUTtt, NH< OH tHi O. t H2 O tOl^WK 
£CDJ§£\ NH40HtH20 a t©fi^Jt* 

ascMrrnft n-A io.05Gao.95 Asxtr^* 

->*;HJ-#-MBl 8, n-A lo.uGao.75 AsXtT 
^^^I'JUf^-hJBI 6, fcJ;tfn-GaA s«S5^ 
d y 9 ©*£Ei$J£rto8*iMi;:xy z 
i***Tflrc**. n-Al,Gai-»AsXyf> 
yxhy^JB8fc»LTtt, HFSX7ft>h^ffl^ 
£0 40 
[0 0 3 4] -tbT, ETF> Sttffll fcflMKfcLT, 0 

[0 0 3 5] **ttWTI4, p-Ah.25Gao.75As 
%1W Ff§5*5<fctfn-A lo.25Gao.75 AsXtf** 

i/^;nf#-hii 6o*®±jc, -en^np-Ai 

o.ob G ao.95 A sXbf^ + v-v^^-hfg 1 7*3cfctf 
n-A lo.05Gao.95 A sXhf^+'>Y^it#~hS 1 

ncn6oxt;^*5/^;nf#-MH*«a#rsc:tic 50 



^¥7-7 44 3 2 
p — A lo.rGao.s A sfB2 ?7»> K® 6 Xfc! 

y+'>tJH*fis«utjPT*«. cine, T»t» 
^co±^xtr^*v^;^fi*^^^^f,^ 

wmzmmtuzo vrzWox, *&mm\z&n& p 

-A lo.25Gao.75 Asjfctf-f F®5:fc<i;tfn-A 1 

0. 2s Gao.75AsXW^>fM^Ml 6 <D%M 
±\zm^tlftmVi»Tl 4*, »2©*£X8fc*V> 

*^tt©«nfc¥»#l/--!f8« 

[0 0 3 6] ft*5> **«WTB, Xt!^ + '>tM# 
-hJBl 7fc£tf 1 8&«fi£"T-5A 1 GaAsfgflttA 

ljMtSJt&o. 0 5tift^ ^njcfs^^n^^ct^ 

<, «*tfA I Sfttt#0OGaAsH**fflV>Tt>J; 

GaAsSififfi^Wt «ftxbr^*>"^^j«fi 
m\Z&Z>m2<Dl$ l &xm\Zi5^X. ^tl^GaAsX 

HI*T*&?- 1 4$p-A lo.7Gao. S AsS2^7 
[0 0 3 7] ±ISCD*J6«8J1~2TB> A 1 G a 

a s *<DttrtMmM¥mfcu-vmw\z^rmw\srz. 

ifl, Ga I nAs P/I nP^CDfr^lJiitS! 

[0 0 3 8] 

[f8$<z>&*] z.<d&o\z, *»wfcj:ntf> eft^o 

an, b^feXlf^+v'irJUJ-ap-hHS^rl/T^SO 
[B9iHfOlBI¥*fKM] 

[0 1 ] HJfiWI 1 fcfllft+RM^WftV-tfW©- 
[0 2] *IS«2fc«6*«Wa)*W#U— tfKBO- 

[03] xh7-r ^a»ii*ai«)'s?n«ias»-r6a 
[04] xh^^^a«63i^S(D^7 i DffljE^W'r^ffi 

1 , 21 n-GaAs 
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(6) 



2 n-A 1 o. 5 Gao. s A s^l Ffl 

3 A lo.isGao.e? Asgfii 

5 p-A lo.25Gao.75 AsttA^ HJH 

6 p-Alo.7Gao.3As^2^77Ki 
9 n-GaAs@fiin/Qy^/f 

1 4, 3 4 HfflfrT 

15 xh^-r^» 



10 



^B8¥7-7 44 3 2 



2 2 n-A 1 o. ae G ao. e< A s 

2 3 G a A s fS&Jg 

2 5 n-A lo.isGao.ssAs*^ HI 

2 6 p-A lo.aeGao.e^ AsS2^77 HI 

3 0 p-A lo.aeGao^ A S^l 

3 1 n-A lo.3oGao.64 As^2ffl&6&«&J§ 



II] 



[02] 





[03] 



M4] 





(72)%^# TS» (72)SW» «B AJ8Y 
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